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1. The chemistry of connective tissue is of considerable interest to military medi- 
cine. During World War II when natural gut was not available in sufficient 
quantity to meet the demand, satisfactory sutures were produced from reconstituted 
collagen. Tubular collagen was successfully used to connect severed nerve ends, 
and pieces of collagen in various shapes were used in serious wound operations. 

By varying the amount of tanning to which the collagen was subjected, the degree 
and speed at which the material is absorbed by the body could be controlled. 

2. In the period 1947-1950 a group of Soviet biochemists did some very interesting 

basic work on the chemistry of collagenous tissue l ’ 
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have published papers on the subject. In general these men performed experiments 
in which they extracted collagen from animal tissue by means of acidic buffers. 
After getting the collagen in solution they reconstituted the collagen as synthe- 
tic fiber. They were primarily interested in the chemistry of the substance, its 
distribution in ahimal tissue, and its connection to the precursor of animal cells 
Results of their work were published by the Academy of Medical Sciences in the 
journal "Biochimia" and elsewhere* inciting the f oliowi&g* ■ ■ ; 


Ohemikoyo M. P« “Amino Acid Content of Ox Procolla/ren* . Doldadv Akacl. 

Nauk^ UoS.S.R. 67 f 345-7, 1949. " “ 

“The Amino Acid Properties of Bovine ?rocollagen ,r . Reports 
of the A ca demy of Sciences of the USSR . IXVII, 2, p. 345-9. 
Orekhovich, K. D, “The Procollagen Content of Skin in Animals of Different 
Ages*. Almdemiia Nauk USSR Dokladv. 71:521, 1950, 

“The Procollagen of Hide*. Biokhimiva 13 (l), 55-60, 
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Qrekhovieh . V. N., Konkova, A. S., Qrekhovieh . K. D., and Dobberi . N. N. 

^Concerning the Metabolic Turnover Rates of Various Organ and 
Tissue Proteins 71 # Akademiia Nauk USSR Doklady . 71:105, 1950# 

Bresler . S. I. s Flnogenov . P* A#, and Frenkel # S. X# "A .'discussion of the 
structure of the Maor omole cule of Procollagen*! • * Renort_s of the 
Academy of Sciences of the U.S.S.R# . LXXII (72), 3, PP» 555“8, 1950* 
TustanovakiT ft A# A. "Concerning the Proteins of Skin". Biokhimiia . 12 (4): 
285-290, 1947* 


Two other Soviets, S* L * Pupko and A. L* Zayde s have also written on electron- 
microscopic investigations of collagen published in proceedings of the Academy of 
Sciences: ■ 

Zayde s, A# L# and Pupko , S# L, "Electron-Microscopic Investigation of the 
Effects of Alkalis and Pancreatin on Collagen". Akademiia Nauk 
USSR Doklady . Vol* 73 : 991, 1950. 

"The Electron-Microscopic Examination of 
Collagen". Reports of the Acad# of Sci# of USSR, LXV. 2, 
pp* 227-8, 1949* 

V "The Electron-Midroscopic Examination of 

Collagen Using the Replica Technique". Akademiia Nauk USSR 
Doklady . Vol. 73: 379, 1950. 


l n 

The fact that they are members of the Central Research Institute of the Leather 
Footwear Industries leaves little doubt as to the Soviet belief in the future of 
reconstituted collagen. 

US scientists reviewing this work found the Soviet conclusions particularly interest- 
ing. For the past three years / 49**527 a group of US scientists has bden Working 
on the ultra structure of connective tissue based on the work of the above named Soviet 
scientists. The US group also hopes to gain information on the formation and nature 
of collagen and determine its molecular structure. To date attempts of US scientists 
to make contact, through the Soviet Academy of Science, with the Soviet collagen 
specialists have been unsuccessful. The Soviets also have never mentioned US work 
in the fieldj so it is hard to assay Soviet progress. 

In these days of the successful use of such agents as cortisone, many people are 
getting on the bandwagon to investigate connective tissue, and the field is becoming 
increasingly more popular. Results of this research will find application in medicine 
and may give insight into such phenomena as wound healing and aging. The production 
of synthetic fiber and synthetic leather as a result of this research is quite possible. 
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Bresler, 6 $,, Pc A. Finogenov, and S.Y. frenkel. A discussion of the struc- 
ture of the Ma cromolecule of procollagen. Reports of the Academy of Sciences 
Of the U.S.S.R., LXXII (72), 3, pp. 555-8, 1?50. 


In 19U7 V, N« Qrekhovich and A. A. Tustanovsky (1) isolated a new 
crystalline albumin from the skins of animals, which they called procollagen, 
and studied its properties in detail (2-8). Aside from the purely biological 
problems which arose because of this discovery, the new albumin presented 
much interest from the standpoint of the physical-chemistry of macr-omolecules. 

By all external appearances it was similar to fibrous albumins, since, for 
instance, it gave a solution with high viscosity. On the other hand, a strong 
tendency to form crystals made it comparable to the globular albumins. 

1. We investigated the procollagen from the skin of rats. The sedimenta- 
tion constant S of the albumin was measured in the ultracentrifuge in con- 
centrations of 0 c01a 5 to O.U5^» We also found the diffusion constant D at 
several concentrations, the specific volume and the viscosity. The experi- 
ments in the ultracentrifuge were carried on at 60,000 RPM, giving an ac- 
celeration of 250,010 g., and the sedimentation velocity was followed by 
the scale method of Lan-ma, The diffusion measurements were made on an ap- 
paratus provided with automatic recording devices over the period of two to 
three days. 

For every experiment a fresh solution of procollagen was prepared 
in 0..)2S> citrate buffer at a pH of 3,3 (this pH is the most stable one for 
albumin) . Afterwards the solution was filtered to remove a small amount 
of flocculent precipitate, using a Mo, U glass filter, upon which it appeared 
perfectly transparent. The percentage of procollagen was determined from 
the nitrogen content, 

v 
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? c The there ■ ..-h :>.v 'satigaiion by vs o.t hh 3 proper <?.es ox pro** 

collagen disolooc.J that It cl:".'.', not bscfcco denatured, this ; rots5.u was 
rosily {•. ft-.onodisperse album", anc therefore that it really belonged to the 
group of globule r proteins* l‘ig, 1 si" era the sodicsutaptos'. o. prosciiags; 1 
in the ’ ’.It? ‘acentr if uge (albumin conn. c£ 0.21£). la i'ig. ^ -- _i presented 
the variation of the sedimentation oonstaivt 3, rom’lisec: as ”.sual to 20 
and pure water, as e. function rf the concert nation of th s alovmn. Tao m- 
c.vsase of 'the eedimenha'tiLon coisfe.ht vo/c-h a decrease in errr.csn ^rar^ic '. is <?. a-* 
plained by the fact 'that large elongate molecules do not r ove in.de pendent. j.y 
of each other in concentrated .solutions. 

The measurement of the ciffucicn cons'* .ano o:< prccol .agen prsssn .s 
curtain difficulties, for Then the albumin is maintained for some time at 
c. :.t starts to denature and corgi flats . iv’svert-hsleso, under high enough 
concentrations (above 0 o ;4) the error caused by this dsformatr.on in negligibly 
small end allots the calculation cf the coefficient of di.xfus’.oa cr.vh ci*at 
lying accuracy. In the concentration interval between G„3 and ih3 did 

fusion constant has an average value of 2 » 2a 3 ? ->.0"‘7 cm-/: sc. ; .adjusted f-'.so 
to pure vjater and 20° C.,t One- can anew nc tnat ar. average vn.*.ue of 1) occurs 
at the center of the interval, i.e. cat 3.1$» 

l p Jxth S and Ji known it 3.v possibD-e to calculate the molecular vjer.gnt 
of the procollagen by the formula of bvedbergs 


7f L 


»/o 


(1 


- 1 


He>ae S is the sedimentation constant, i.e. tie velocity of the laacroaio-'.ecvf.?" 
divided by the acceleration? el is the molecular weight? 7 is -he specific roiu'.i 
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f is the density of water at 2C° C. (.99 82) j D is the diffusion constant! 

T the absolute temperature (2?3° K.)» and A the universal gas constant (8,313 ° 
10? erg/degrees) . 

The specific volume was measured using a pycnometer and turned 
out (at 20°C) V => 0,720 +0*Q05« 

By using the value at 0.1$ cone, from figure 2, S ® (1,8 +0°°5) x 
10” 13 one obtains for the molecular weight of procollagen M * 70,000 +3500. 
This allows one to compare procollagen to the large group of globular albumins 
near the weight of 70,000, which corresponds to lour of ohe elementary units 
of Svedberg (17,500). 

3o Now we consider the degree of asymmetry of the albumin, tor this 
purpose we use the value of S extrapolated back to zero concentration oi 
albumin, i.e. S - 3 • 1Q~ 13 (Fig. 2). From the formula of sedimentations 



( 2 ) 


A 

• l 




we find the frictional force f« This frictional force is related to the 
movement of the macromolecules in an infinitely dii-ute solution, when 

it does not depend on their interaction* If the macromolecules are spheres 
one can apply Stokes law f Q * 6^“y|a, where a « - radius of the 

sphere (N is Avogad.ro 's number). 

for this case we make use of the empirically found relationships 



3 1/9 « 



(3) 


If this equation (and it is exactly of the same magnitude as ob- 
served by Svedberg for the most asymmetric globular albumins) is completely 
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explained by the asymmetry of the sphere it 


-an be used to relate the formula 


for frictional forces to the dimensions of a prolate ellipsoids 







L&JLJ. 

A 



(U) 


Using our data the ratio of txso se:ni-axes becomes 3 



Consequently, the molecule of procollagen presents a cylinder with a length 

about 20 times its maximum diameter , Knowing the volume of the molecule 

v *» — , we find that the diameter d ® 16., 7 A ; and the length L « 380 K, 

N 

Since the approximate amino acid composition of the tnacroaolecule 
is kno\m (8) we can calculate the average molecular weight of the residues, 
m » 117, and therefore the degree of polymerisation of the procollagen I? & 460. 
As the length of a single peptide bond equals about U A, the length ox the 
whole polyoeptide chain in procollagen must be 21*00 A, that is 6„25 times the 
length of the length L of the macromolecule, This undoubtedly means that the 
polypeptide chain is coiled in the macromolecule of the albumin, 

he In conclusion we will discuss the morphological reactions of a solu- 
tion of procollagen under the action of salts. It was known that the pre- 
sence of salt directly affects a solution of procollagen, changing, in par- 
ticular, its viscosity, ifte examined in the ultracentrifuge a solution of 

procollagen in 3,32 M HaGl at a pH of 3°0» 

The result was that next to the original peak of the procollagen 
appeared two new peaks, having a somewhat higher sedimentation rats (tig. 3 ) • 

This indicated the appearance ox '’dimers" because of the association of globules. 
Evidently this association can take place by different paths. The simplest 
variation of this association consists in the elongation oi the globule by 
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two (association in length). 
•.;ill hanpan in this case. 


Using formulas ( 2 ) and (3) easily shows 


Equation 


( 3 ) may be 



written ass 


&WAJ T 




.Vor the diraar we have the corresponding 


Therefore 



( r* \ 


' 4 V 

J w 2,. ?3 ( the length of the cy.iinc.sr 
t T* M 


In our case of linear association 
is doubled while the radius remains constant ) 0 This would give theoretically 
» 1.21. In actuality we obtained So « 3.083 x ICf 8 « 2.558 x 10 . 

and therefore * 1 . 20 , which constitutes an ideal correlation. 

Definitely interesting is the second peak, a sedimentation with the 

g A> 

values of 5 3 = 3 c 91 x 10*^3 9 which is almost equal to 2 ^ ( 1 < 

This corresponds to an association of the two macrcmolecules along the length 


of the sides of a forming cylinder* In this case the 3 emi~ninor axis cf the 
ellipsoid., as the length* stays constant, and the relation f/x 0 of the dimers 
is approximately equal to that of ordinary molecules. 

This experiment demonstrates that under the action of salts* as is 
known, the ionic attraction between primary groups of the albumin is decreased 
(at a pK of 3,0 the dissociation of the acid groups is mainly supressed) . We 
also see that molecules of procollagen combine in pairs., forming tea typos cf. 
dimers - linear and lateral „ 
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Chernlkov, M, P, Amino acid content of ox procollagen, 
Doklady Akad, Nauk, U„St,S.R, 345-7* 1949® (Presented by the 
Academician A, D„ Speraneky, May 5t 19^9 )• 


For the past three years U, N, Orekhovich and his collaborators 
have been conducting a thorough study of the procollagen (1-12) of 
proteins which were isolated in the laboratory in crystalline form 
from the skin and internal organs of humans and various animals!. 

Along with the study of the biological and physical chemical 
properties and the investigation of the prevalence of protein in 
the tissues of various animals (13*14) work was also conducted in 
the investigation of the qualitative. (N. E. Plotnikov) and quantita- 
tive amino acid composition of the given protein, , Some of the re- 
sults of the chemical investigation of procollagen are set forth in 
this pap-er. 

The procollagen was obtained from the hide of an ox immediately 
after skinning. The hide was washed, shaved, the fat and cellular 
tissues carefully removed,, after which the hide was washed again 
in a current of running water and was ground in a mea*t chopper 
after having been cut up into smallpieces. The resulting paste 
was used for the isolation of protein, globulin and procollagen. 

After extracting the albumen and globulin with 1/15 M NagPOfy 
the paste was washed with a citrate buffer., pH 35 3, 5® 

The procollagen was extracted with a triple quantity of 
citrate buffer in the course of 3-4 days at a temperature of 
Thymol and toluene were used in all ,cases for preservation. 

The amorphous preparation of procollagen was obtained from the 
citrate extract by saturating it with dry NaCl up to 10$, The 
precipitate of albumen settled in the form of white flakes which 
were collected on the filter* To cleanse the procollagen from 
concomitant albumen, it was washed on the filter many times with 
a 5$ solution of NaCl* To remove salts the procollagen was made 
turbid in a 15-20$ solution of acetone with a subsequent centri- 
fuging. 

This operation was repeated to a negative reaction for 
chloride ions and a negative Mlllon‘s reaction, since the absence 
of tyrosine Indicates the purity of procollagen compounds. Beyond 
that the protein was dried by the regular method with acetone and 
ether. 

The resulting compound of the ox procollagen contained 0,47$ 
ash, 17$ nitrogen, 49$ carbon and 7$ hydrogen. 

To determine tryptophane, tyrosine and phenylalanine, an 
alkaline hydrolysis was carried out with 5 N solution NaOH in the 
course of 6 hours by light boiling over a sand bath. The alkali 
was neutralized with a 14 N solution of H2SO4,. The hydrolyzed 
substance was brought to a definite volume and then filtered, 
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To determine the remainder of the amlnb acide an acid hydrolysl 
was carried out over a sand bath with 6 N solution of HC1 In the 
course of 36 hours,, The hydrolyzed substance was filtered after 
dilution. The hydrochloric acid was removed in a vacuuity after which 
the hydrolyzed substance was brought to a definite volume* 

For the analysis of amino acids we used mainly specific • 
methods which do not require any preliminary separation of amino 
acids. The methods were checked on hydrolyzed casein or gelatin. 

In all instances (except proline and oxyproline) we obtained fully 
satisfactory results. 

Tryptophane ( 15 , tyrosine (l 6 ) fl phenylalanine (17)* methionine 
(IS), cystine and cysteine ( 19 > ^ pro line and oxyproline ( 20 ), were 
determined colorimetrically* Glycine and alanine by acidification 
with ninhydrin and the ensuing colorimetric determination of the 
resulting aldehydes (21,22). Arginine, histidine, lysine, amino 
succinic and glutamic amino acids were determined by the enzyme 
method (23,24) (in the laboratory of E, Zbarsky). 

The determinations were made on a Schtufenphotometer or ori a 
Specker absorptiometer. 

The results of our investigations are tabulated in Table I. 

This table also shows the amino acid composition of collagen and 
gelatin (according to published data). 


Table I 


In % Dry Ash-free Protein 


Amino Acide 


oo.o a * o a 

« o O o o 

aoc»>9<i04«»'»«o f 
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Tryptophane 
Tyrosine 
Phenylalanine 
Arginine 
Lysine 
Histidine 
Amino succinic acid 
Glutamic acid 
Cystine ) 

Cysteine) 

Methionine ......... 

Gly cl ne 0 . . * , . . .... 

Alanine ...o. .... 

Prollne 
Oxyproline „ 


.» o a « * o 


a a 
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a e 

© « 
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© e> 

a © 
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09 9(90000 
OOOOOOOoO 
000(40000 

oooooiooo 
4 o 6© p o o n 4 

•> « O ft O 6 4 C * 

ft 400©««a© 
000 © O © 0^0 


*In accordance with our data. 


Collagen 

Pro collagen 

Gelatin 

(25) 

0.0 

0,0 

(26) 

0,0 

1*4 

0*0 

0*44 

4.2 

2*3 

2,2 

g.g 

9*2 

S.O 

4.5 

4.6 

4,1 

O.g 

2,9 

0.79 

6.3 

5.2 

6.7 

11*3 

11,0 

11.5 

0.0 

0*0 

0.07 

o.og 

0,66 

0 . 61 * 

26,2 

28.0 

25»5 

9.5 

9.5 

g. 7 

15,1 

l4 fl o 

(20) 

IU 

in gelatin 

of the hide of 

a calf. 
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By comparing pro collagen and collagen in their amino acid 
compositions it can be seen that they contain equal quantities 
of lysine, glutamic acid, alanine, arginine, amino succinic acid, 
methionine and glycine and neither of the two contains trypto- 
phane, cystine and cysteine*. 

Procollagen and collagen differ in their contents of phenyl- 
alnlne, histidine* prollne and oxypoline. Procollagen, unlike 
collagen, does not contain tyrosine* 

Procoliagen also differs in its amino aold composition from 
gelatin as is seen from the data presented in the above table. 

They contain different quantities of histidine, arginine, amino 
succinic acid, proline and oxyprollne, and, furthermore, gelatin 
contains tyrosine while procollagen does not. 

Thus, on the basis of our data, it can be said that pro- 
collagen in it 8 amino acid composition is close to collagen and 
gelatin but is not identical to them and appears as an individual 
protein with connective tissues of the collagen type* 

I am deeply grateful to Prof* V. N. Orekhovlch for his 
valuable instructions and guidance in the performance of this work* 


Institute of Biological and Medical Chemistry 
Academy of Medical Sciences, U.S.S.R. 

Issued for publication on May 4, 1949 
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TEE A1IK0 ACID PROPERTIES OF BOVINE FROCOLLAGEN 
M. P. Chernikov 

(Reports of the Academy of Sciences of the USSR, LXf II, 2, p. 3l*5~9) 


V. N. Orekhovich and his associates have been conducting a multilateral 
investigation of the protein, procollagen, during the course of the last three 
years (1-12)* They have obtained this substance from the skin and internal or- 
gans of both man and animals, using a product in crystalline fora. 

Together with the investigation of biological and physio-chemical prop- 
erties, and also the distribution of the protein in question in different animals 
(13,11*), there has been work done on the qualitative (N.E. Plotnikova) and quanti- 
tative amino acids properties of procollagen. Some of the results of the chemical 
studies of this protein follow. 

Procollagen was obtained from cow hide freshly removed from the animal. 

The skin was washed, the covering of hair removed, the fat and subcutaneous cellu- 
lar substance eliminated, and the hide then again washed in running tap water. 

The skin was ground up in a meat chopper after being cut into small sections. The 
mash so obtained was used to get albumins, globulins, and procollagen. 

After the extraction of albumins and globulins with l/l£ H solution of 
NagHPOi , the mash was washed with a citrate buffer of pH 3«J>» The procollagen 
was removed with a three-fold soaking in citrate buffer over a period of 3-U 
days at a temperature of 2°C. In all cases thymol and toluol were used as pre- 
servatives. 

An amorphous preparation of procollagen is obtained by adding solid NaCl 
until a 10$ solution was obtained. The protein precipitates as a white mass 
which is collected by filtration. In order to remove associated proteins, the 
filtrate is washed a number of times with NaGl solution. In order to remove 
the salt, the procollagen was soaked in 15-20$ acetone and subsequently centri- 
fuged. This operation was repeated until one obtained a negative reaction for 
chloride ions and a negative Mellon’s test, since the absence of tyrosine is a 
good criteria for purity of procollagen. Thereupon the protein was dried in the 
usual fashion with acetone and ether. 

Procollagen prepared in this way bas 0.1*7?} ash, 17$ nitrogen, 1*9$ carbon, 
and 7$ hydrogen. 

For the determination of tryptophane, tyrosine and phenylanaline, the pro- 
tein was hydrolyzed in f>N NaOH for six hours, with gentle boiling on a sandbath. 

The base was neutralized with a lljN solution of sulfuric acid. The hydrolysate 
was then brought to a definite volume and filtered. 

In order to determine the other amino acids, the procollagen was hydrolyzed 
in 6N HC1 for 36 hours, with heating on a sand bath. After dilution the hydrolysate 
was filtered. The hydrochloric acid was removed in a vacuum and the volume ad- 
justed to sous definite ssseunt. 


tt3 
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In order to analyse the amino acids we used the accepted specific methods 
which do not require a preliminary separation of component amino acids. The pro- 
cess was cheeked with gelatin or casein. In all cases (with the exception of pro- 
line and oxyprollne) vre obtained fully satisfactory results. 

Tryptophane (X5)* tyrosine (16)* phenylalanine (17) * methionine (18)* 
cystine and cysteine (19) , proline and oxyprollne (20) were determined color- 
metrically. Glycine and alanine were found by colorometric measurement of alde- 
hydes following oxidation with ninbydrin (21,22). Arginine* histidine, lysine, 
aspartic and glutamic acids were determined by enzymatic methods (23, 2li). (In 
the laboratory of B.'E.Zbarckogo^ 


In Table I is presented the amino acid composition of procollagen with 
those of gelatin and collagen* obtained from literature. The figures are per- 
centage of dry, salt-free protein weight. 

Collagen (25) Procollagen Gelatins (26) 


Tryptophane 

0.0$ 

0.0 

0.0 

Tyrosine 

X.U 

0.0 

o.UU 

Phenylalanine 

It. 2 

2.3 

2.2 

Arginine 

8,8 

9.2 

8.0 

Lysine 

U.5 

U.6 

U.1 

Histidine 

0.8 

2.9 

0.79 

Aspartic acid 

6.3 

5.2 

6.7 

Glutamic acid 

11.3 

H.O 

11.5 

Cystine ) 
Cysteine ) 

0.0 

0.0 

0.07 

Methionine 

0.8 

0.66 

0.61 

Glycine 

26.2 

28.0 

25.5 

Alanine 

9.5 

9.5 

8.7 

Prolins 

15.1 

(20) 

19.7 

Oxyprollne 

1U.0 

lli.U 


(ouT mn data) 


Upon comparing collagen and procollagen according io amino acid composi- 
tion we can see the following facts: both contain the same amount of lysine* 
glutamic acid* alanine* arginine, aspartic acid, methionine, and glycine and both 
do not contain any tryptophane, cystine or cysteine. 


Procollagen and collagen differ in their contents of phenylalanine, histi- 
dine, proline and oxyprollne. Procollagen, in distinction to collagen, does not 
contain any tyrosine. 


A similar analysis can be done for gelatin. We thus see that though pro- 
collagen is similar to collagen and gelatin in amino acid composition, it is not 
identical. We nay conclude it is a unique connective tissue protein. 


At the Institute of Biological and Medical Chemistry 

Academy of Sciences of the U.S.S.R. presented 5/U/li9 
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f K„ D, OREK&OVICH 

(Akademiia Niifik USSR Doklady, EL l 5 21 > 1950) 

*■ the procollagen content of skin in animals 

of DIFFERENT ages 

A new group of connective tissue proteins - procollagens , 
which were discovered by V, Orekhovich and A, Tustanovskl, has been 
thoroughly investigated during the cotirse of the last year 
At the present time, we know the chemical composition, chemical ® ncl 
ohyslo-chemlcal properties of procollagen. There has been muoh work 
done on the biological significance of this protein. 

In this paper we present some observations based on the las4 
series ^ot experiments devoted to procollagen. The investigations deal 
with the content of procollagen in jtfce skin of guinea pigs of various 
ages (from ten days to one year and more). 


From the skin of normal, 
collagen by the method of A, Tusta 
of this protein by comparing it wit 
skin; as well as by comparison to 
The skin, removed immediately aft 
from hair, subcutaneous fat and oe 
methods given previously (204), 
repeated five times. The procollaff 
constant weight. The results are 


healthy animals we extracted pro- 
movioh (3) and determined the amount 
th the weight of the ary, degreased 
the mass of skin protein — collagen, 
erf killing the animal, was freed 
(1,1a, ground-up and treated by the 
ie extraction of the protein was 
en thus obtained was dried to 
^iven in table 1. 


Th 


As we see from table 1, 


10 day to 5-6 months) have an amou 
tween 7-101. More mature animals 
while the old guinea pigs (6 month^ 
collagen. 


guinea pigs at a young age (from 
mt of procollagen which varies be- 
7~g months) show a drop to 3- u ^* 
and older) have only 1-2^ of oro- 


Table 1 


Age 


Weight when 
killed (g) 


10 day 8 
20 tt 
2-6 months 


tt 

15 

t« 

II 

II 

II 

n 

ft 

it 

ft 

it 

ft 

n 

ft 


80-117 

120-170 

262 

287 

3JU 

3*7 

iu 

367 

377 

384 

400 

402 

448 

454 

3? 


% Pro- 
co Hagen 


Age Weight % Pro- 
collagen 


6,7* 

7*3* 


2 

0 

■3 

•5 


8 

7 

8 

7 

10 
10 
6.8 

14.0 

8.4 

10.0 

8.3 

8.5 

8.2 


7-8 months 690 

670 

" 715 

« 7I1O 

« 760 

8 months olus771 

800 
840 
862 
8 75 
905 
9*4 
1050 
1005 


4.0 
2,9 
2.7 

,o 
6 

1,6 


l 


ft 

II 

II 

ft 

ft II 

II 

It 


6 

3*5 

1,8 

3*3 

6.0 

2.6 

1,8 

3*1 
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In order to anpver the objection that our data depends on 
the different extraction conditions optimum for older and younger 
animals, ve conducted the following experiment. 


We took the pkin from five animalp weighing 300-400 grams 
and from two guinea pigs of 725 ^27 *- The maph obtained from 

these two groups of animals was divided into eight portions. Each 
aliquot was covered with buffer solution of the following pH; I. » 
9 0 *5 0 **.6 3o9*. 4„i2, 11.47, 5.02. Procollagen was obtained 

from the' extracts. ' We found (see' Table 2) that the results were 
the same regardless of the extraction used, and that they also 
corresoonded to earlier conclusions, i.e., that the skin of older 
animal's has several times less orocollagen than that of younger 
ones, although the optimum extraction conditions vary for the two 

grouos „ 


On the basis of the facts presented above, we can be con- 
fident of the fact that as an animal gets older the percentage of 
orocollagen in its skin decreases. It is notable, that in old 
animals the orocess of formation of new collagen fibers is also 
slower. There is reason to suspect that there is some relationship 
between the formation of collagen and the concentration of pro- 
collagen within the skin. 


Table 2 


THE AMOUNT OF PROCOLLAGEN OBTAINED FROM THE SKINS 
GUINEA PIGS UNDER DIFFERENT EXTRACTION 


Weight (g) 

l.R 2.0 

300-400 11.6 14. 3 
72s 8527 2.4 3-0 


CONDITIONS 
oH solution 

3.0 ‘3.6' 3-95 

17.1 12.3 5-g 

3-3 .3-6 4.8 


4.12 4.M-7 H.02 

7.2 12.0 

4.4 3.4 2.2 
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Qrekhovich,, 

firs. M 


V e N c et al. The pro collagen of hide* Biokhimly© 
55-60 (1946), (Translated from Russian by 
Baker ) 


We have Isolated and obtained out of the hides of animals, 
albumin In crystalline form which evidently belongs to a special 
grouo of connective tissue albumin,, There are some reasons to 
assume that It is a biochemical predecessor of collagen, and we 
therefore named it orocollagen (l-4K In this article are ^ ven 
the data of the prevalent of orocollagen In the animal world 
and Borne facts about the mature of this albumin . 


Material and Methods 

For the ourooee of experimentation animals of various 
classes of vertebrates and invertebrates were taken. Of the 
mammals rabbits, rate, calves, dogs and cats were taken; of 
birds - hens; of reotlles - turtles and grass snakes; of 
amphibians - frogs;, of fish - oike«-oerch« Besides that tests 
were mad© (for content of orocollagen) with human skin and tissues 
of various species of invertebrate animals. 

The hides of animals were taken immediately following their 
slaughter and the removal of their blood, * Th f 

(wool scales, feather and horny membranes), hypodermic tissue, 
fat etc,, were carefully removed and the remaining material was 
ground up. The resulting paste was used for the purpose J;! 0 ~ 
latlon of albumins,, globulins and orocollagen (crystalline and 

amorphous ) . 

The albumins and globulins of the animal hides were . isolat ed 
from the paste by means of five times the volume 0*3 M NagHPQ^ with- 
in 24-36 hrL at y *2 8 . The globulins were V, eolatcd by adding an 
an , 1Q i volume of a saturated solution of 0 

q By adding (N%)gS 04 to saturation, the albumins were 

Isolated from the filtrate, 

Thp crystalline orooollaKen was isolated by the following 
method Aft er extraction of She albumins and globulins by means 
of the phosphate, the remaining paste was washed onoe or twloe with 
«mnll batches of citrate buffer pH * 4.0 c, To the washed out pae».e 
««fidded citrate buffer (pH - 4’.0) five times the amount by volume 
Uhe we^ghfo? ?he pas?e), P This mixture was left at a temperature 
of C) for 24-36 hours. After filtration a transparent 

viscous' solution containing orocollagen was obtained, T ^® 
filtrate was put In collodion or oelloohane bags for dialysis 
under runnlng^wat er or 0,01 M HagHPO*. In 24 hours crystals of^ 
pro collagen in the shape- of long needles were precipitated. The 
crystalline orocollagen was collected on a fljter and dried wi 
filter paper. The moist crystals were keot oool. *0 ® b ^n dry 
albumin the crystalline procollagen was desiccated with alcohol 
and ether and then dried to a constant weight at 104-105 or t e 
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2 , 


dry crystals were obtained by the method previously published 
by us (X)« 

Amorphous preoaration of orocollagen we obtained by the 
following method. To the citrate extract of the hide paste was 
added an sjual volume of a 10$ solution of sodium ohloride. The 
procollagen was isolated from the solution. The precipitate of 
albumin was collected on the filter and washed several times with 
a 4-5$ solution of sodium chloride. The moist procollagen was 
kept in the cold., 

The ultraviolet spectra of the absorption of the albumin 
solutions were studied with the aid of a Smith and Heneh quartz 
spectrograph (medium dispersion) by the method of the threshold 
of blackening. The source of light was a hydrogen lamp of low 
voltage of the GQI system. 

The orocollagen was boiled with crystalline peosin (2) s 
tryosin and chymotryosln (prepared by method of Kunltz and 
Northrop) and preparations of papain and ©atepsln (an acid gly- 
cerine extract from the liver of a rabbit) 


Results of Investigations 

The Occurrence of Procollagen 

We encounter orocollagen in the skins of all classes of 
vertebrate animals. 

a. Mammals ,. We found orocollagen in the skin of all the 
animals we examined (rats., rabbits, calves, dogs and eats). The 
amount as well as the conditions of itp extraction and crystalliza- 
tion vary with different animals. The age of the animal is evi- 
dently important. The younger the animal the easier It is to 
extract the albumin and the easier it crystallizes. 

The skin of rabbits contains about 4$ of orocollagen (to the 
dry weight of the skin). The albumin crystallizes out of the 
extracts more completely and much faster with a citrate buffer 
solution of an initial pH « 3.8., The crystals are in the shaoe 
of needles with a maximum length of 260 *i (see diag. l). °ut of 
the skin of a dog the orocollagen is Isolated in a much lesser 
amount s namely 0.6$. The crystals form during dialysis from the 
extracts itfith citrate and buffer solutions with an Initial pH of 
from 3.0 to 4.0. The maximum length of the crystals is 130 ja. 
Crystal procollagen was also isolated from the skin of a cat. 

The maximum length of the cry stale is 130 The albumin 
crystallises much faster in the process of dialysis under 0,01 M 
Na p PO, ( the crystallization proceeds much slower in the dialysis 
under running water. Procollagen becomes isolated very easily 
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out of the hide of a newly born calf. The albumin i® crystal- 
lised from the extracts with citrate buffer solutions with an 
initial pH of from 2*0 to 5. 4 . The yield of albumin is 
The maximum length of crystal Is 195 ^ (see dlag. 2) 

B irdS o The albumin was isolated from the skin of chicks 
about 1*5 months old,, The crystallized albumin is precipitated 
from the extracts with buffer solutions of an initial pH 2 c 7 ~ 5„5 

Heotlle S o The albumin was isolated from the skin of a 
Middle Asiatic desert turtle. The orocollagen of this reptile 
discloses the peculiarity that the albumin crystals can be ob- 
tained only if the pH of the citrate buffer solution (used for 
extraction) does not exceed 3„0 and the dialysis is carried out 
under 0.01 M Na 2 HPQ4 but not under running water. The maximum 
length of crystals is 52 So far we have not succeeded in 
isolating the procollagen from the skin of a grass snake. 

d. Amphibians . Crystalline procollagen in only very ©mall 

? uantities can be obtained from the skin of frogs (Rana temporaria) . 

he dialysis of the extracts is better under a solution of KaoPOh. 
Maximum length of crystals is 65 ji. c 

^Igh c The skin of fish, seemingly } contain® the largest 
amount of procollagen. 2, 5$ Q f procollagen (dry albumin with dry 
weight of Skin) was obtained from the ekln of a pike-perch. The 
albumin passes into the solution very easily and crystallize® in 
the dialysis under running water a® easily as under 0,01 M N a? HPQh . 
The albumin crystals precipitate from all the extracts with citrate 
buffer solutions with a pH of from 3.5 to 5.5. The maximum length 
of crystal® 1 ® 90 p. So far we failed to isolate the procollagen 
from the tissues of the invertebrates. It is possible that the 
modes of extraction of this albumin have to be different from the 
ones developed by ue in the case of vertebrates. 


The Mature of Pro collagen 

Procollagen is a globular albumin soluble in acidified water 
and not soluble in neutral and weak alkaline medium. In concen- 
trated solutions it has a very high viscosity. It precipitates 
from solution even in the presence of small concentration of 
sodium chloride (5#) and other neutral salts. In amino acidic 
composition it approaches collagen and gelatin;, but in solubility 
and salting out and other properties it differs from them. During 
boiling of the solutions or during suspension, procollagen turn® 
to gelatin. 

Below we will describe certain facts which characterize the 
nature of thi® albumin. 
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a« Ultraviolet Absorption Spectra . We have made a study 
of the ultraviolet absorption soectra of solutions of orocollagen, 
albumin and globulins of skin and gelatin* 

*>lag, 3. Ultraviolet absorption spectra of solution' of 
albumin and globulin of skin. The unbroken 
line is that of albumin and the dotted line 1® 
that of globulin* 


For analysis we prer~,-ed 1, } s 4, 6 and 10# acidified water 
solutions of ora collagen *pH of solutions from 2 to 5), 1 , 3 5 6 

and 10# water solutions of gelatin from the hide of a calf (pH of 
solutions from 2 to 7),. Since the majority of the above indicated 
solutions at room temoerature form a Jelly, it was necessary to 
heat the solutions to 30-35® in order to fill the cuvette of the 
spectrograph* Albumins and- globulins of the skin were used In 
the form of 0*75''° salt solutions of albumins (pH of solution - 
6c5-7eOh 


Solutions of albumins and globulins of skin give a tyolcal 
albumin so ect rum with a maximum absorption of about 2,800 AC see 
diage 3} which is defined in these albumins by the presence of 
considerable quantities of tyrosine and tryptophane. In the 
spectra of orocollagen solutions, the characteristic maximal 
absorption is absent and only in the spectra of concentrated 
lover 3 %) solutions of albumin there are 5 absomtion lines three 
of which have a width of 30 A each and 2-20 A each* These lines 
lie between 2570 and 2,600 A j 2,640-2, 660 A; 2,690-2,710 A; 
2,760-2,790 A ; 2,640-2,670 A (gee diag. 4), 


In the spectra of 6% and 10# solutions of gelatin obtained 
from the hide of a calf, we succeeded in detecting only 3 absorp- 
tion lines 2,570-2,600 A # 2,640-2,660 A and 2,660-2,700 A Cdiag 5)0 
Comparing the absorption snectra of these two albumins it is seen 
that the absorption lines for gelatin noted by us are identical 
with the corresponding lines In the absorption spectra of pro- 
collagen* The next 2 lines of absorption which lie In the longer 
wave section of the ultraviolet we could not detect in the 
spectra of the gelatin solutions* As is known (5), the charac- 
teristics of absorption spectra of gelatin are dependent upon the 
absence from the albumin of tyrosine and tryptophane and on the 
presence of phenylalanine* On the basis of the above-mentioned 
facts we can assert that phenylalanine is also present in pro- 
collagen* For the time being we cannot explain on what the 
characteristic of the absorption spectrum of orocollagen depends, 

b* The Relationship of Frocollagen to frotelnases * W e made 
a study of the digestibility of crystalline orocollagen with 
various proteolytic enzymes. It became clear that this albumin 
is well digested by tissue proteinases (cateosin and papain) and 
comparatively poorly by the orotelnases of the digestive system 
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(pen sin , trypsin and chymotrypsin) (see table below) 

TABLE I 

The Intensity of Fermentative Hydrolysis of Procollagen 

at Various pH Media 


• 

Increase of 

Amino 

Nitrogen in 

24 hrs. in specimen 

(in 

mg. ) 1 

Enzyme® 

pH 


HIS 


3.67 

4,0 

ESI 


6,0 

7.S 

papain 

1.30 

l, 4 o 

2,10 

0.90 

1„50 

lc 50 

1,60 

-- 

catepsin 

0,0 

0.70 

1,90 

2,30 

— 

2, 20 — 1.60 

l.io 


peoeln 

0,0 

0,50 

0=90 

0,0 

— 

0.60 ' — 0,30 

-- 

-- 

trypsin 

— 

— - 



— 

— 


1,00 

chymotrypsin 

- MW— -1- 

— 

— 

-- 

— 

— 


— — 

o.6o 


In the process of hydrolysis of albumin in 24 hours here Is 
liberated in the form of free amino nitrogen, the following per- 
centages of the entire albuminous nitrogen? with catepsin - 4(w 
under action of papain about 30 $, by hydrolysis with trypsin only 
15 $; with peosin l4$; and with chymotrypsin 9^. Denaturing of 
albumin by boiling has no effect on the extent of its hydrolysis 
with trypsin and chymotrypsin.. 


Chemical Composition of Albumin 

We have already published certain data About the elementary 
composition of procollagen from the skins of rate and rabbits. In 
highly purified and multlprecipltated procollagen there is? carbon 
49$, nitrogen l6$ f hydrogen 7 <-5^ (averages). 

A small amount of phosphorus ( 0 , 15 $) which is found in pro- 
oollagen we are inclined to attribute to impurities which are 
difficult to isolate by methods available to us. On the basis of 
re <=ulte from the ultraviolet spectrography we can already conclude 
that procollagen definitely or almost definitely does not contain 
tyrosine or tryptophane. On the basis of chemical reactions we 
have established that there is no tyrosine (MUlon 1 s reaction 
negative) and only traces of tryptophane (xanthoproteic reaction 
and voisene reaction). Reactions for sulphur are negative. We 
isolated from albumin histidine (in the form of nltroanilide) f 
arginine (in the form of flaviaalde) and lysine (in the form of 

ni t r o an 1 1 ^ ved ^f F^fease^lo ^I^D%^0926/ft) G 0^J(?0^B^I-5 ^ ° 
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Orocollagen contains over 10 % of aicarboxylic acide (isolated by 
us in the form of barium salts) » Albumin contains a considerable 
amount of proline and hydroxyoroline, The reaction for carbohy- 
drate 1 8 positive* 


Conclusions 


The albumin of skin which according to our teste possesses 
a high biochemical Instability when isolated in crystalline form, 
differs in a series of characteristics from heretofore known 
albumins* it may be assumed that It is a forerunner of collagen 
and is, therefore, named procollagen by us. 

It seems to us that there is basis to classify this albumin 
in a special group of connective tissue albumin and that orocollagen 
will not be the only representative of this group. Orocollagen is 
widely spread in the animal world and it is safe to say that there 
are not any species of vertebrates which do not contain this albumin* 
According to our tests, orocollagen is present not only in the skin 
but also in a series of other . tl ssues and organs of animals* In 
particular, it was possible to Isolate from the tendons of a bull 
a crystalline albumin which resembled the orocollagen of skin* 

It will be of interest to compare the Identity of the orocollagen 
isolated by us with the crystals of albumin in comoounds of the 
sinews of a rat's tail as observed under a microscooe by Nageotte 
and with the amorphous compound of collagen like albumin isolated 
from the skin. 


We consider it our duty to express our thanks to our col- 
Xaborator D c L^ontgeva of the physlochemicaX laboratory for 
her great help in spectrography 


Titles of Diagrams 


Dlag. 1. 
Dlag. 2. 
Dlag. 3 - 
Dlag. 4 . 

Dlag, 5. 


Crystalline orocollagen from tne skin of a rabbit. 
Crystalline orocollagen from trie hide of a calf, 
(explained in text) 

Ultraviolet absorption spectrum, 4 $ solution of pro- 
collagen 

Ultraviolet absorption spectrum, 6 % solution of gelati 
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CONCERNING THE METABOLIC TURNOVER RATES OF VARIOUS ORGAN AND 

TISSUE PROTEINS 

Akademlia Nauk SSR Doklady, 


It If well known that there If a continuous renewal of the 
oarte of an organism; that its protein?, fate and carbohydrate? do not 
remain unchanged after their synthesis and lnduelon in orsane or 
tissues but are constantly being turned-over. Naturally, the sto.y 
of thiF orocess in a very eeeential and Important part of the decip e - 
?ne of the ^nction* of the or*anl B a. Thi* 1. especially interesting 
from the standpoint of proteins , 

For our studies we have made use of tagged atoms to determine 
the turnover rates of different organ and tissue proteins and their 
seoarate fractions. This problem has been studied by Schoenheimer ana 
his associates (1), who made use of tagged amino acids, They 
vestigated the time for inclusion of these ^bsjances into different 
oroteins , but not the overall turnover rate 
and Krough ? investigated the overall 

R ia of a heavy hy^ropren ieotooe ( deuterium) >, carried In * v _ ' 

heavy water! They were only lntereetefl In the turnover retee of oro- 
teins of the skin, muscles and some internal organs. 

We also made use of heavy water, studying the turnover rate 
of proteins from the organs and tissues of white rats, as wexl as some 
of their constituent fractions. 

Heavy water was given to the animals at such a rate that 
after a few days its concentration in the body reached 1». Then the 
animals were killed and oroteins extracted from all organs and tissues. 

The oroteins were carefully treated to remove physically bound water, 
dried ?o instant weight and incinerated. After being suitably cleansed 
the water formed was analyzed for atom per cent deuterium by the flotation 
density method. 


is seen 
liver, 
of the 


The data we obtained are presented in Table 1, It 
that the fastest turnover rate occurs in the proteins of the 
while that of the skin and muscles is the slowest. The rest 
investigated oroteins lie between these limits. 

We tried to characterize the turnover rate of proteins not 
only with respect to how fast they took up deuterium, but also as to 
ho^ fast they lost it again. With this goal we worked with a group 
of rats which were given heavy water for twelve days and then not 
killed immediately, but after twelve more days had elapsed. 
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Table 1 

TURNOVER RATES OF PROTEINS OBTAINED FROM VARIOUS ORGANS 


Organ 


Excess of deuterium 
(at c i) after intro- 
duction of D 0 


Turnover 
rate 
of pro- 
teins 


Excess of deuter- Differ- 

ium (at i) after ence ( t) 

stopping: introduc- 
tion of Dj>0 


Liver 0*232 

Intestine 0*170 
Spleen O/J .67 
Kidneys 0,lb2 
Stomach 0*137 
Heart 0*130 
Lungs 0*113 
Brain 0,112 


23-3 

0 * 109 

0*123 

17,0 

ChOQk 

0*076 

16,7 

0.107 

0*060 

16,2 

0*070 

0*0?, 3 

13*7 

0.084 

0*033 

13*6 

o„io6 

0,030 

11. * 

O.O78 

0*037 

11*2 

0 , 0° 2 

0 .020 


Ar we see from the data presented in Table 2, the rate of loss 
of deuterium from proteins of organs and tissues is not the same as 
their rate of uotake* For example* the uptake of deuterium by the 
kidneys ranks fifth, while it is second as far as rate of loss is con- 
cerned * 

Table 2 


LOWERING OF THE AMOUNT OF DEUTERIUM IN PROTEINS OF VARIOUS 
ORGANS 12 DAYS AFTER IT CEASED BEING PRESENTED ( %) 

ORGAN % DECREASE 


Liver 

Kidneys 

Intestine 

33 

r 4 

tfo 

Stomach 

XC! 

J ' 

Lungs 

71 

Soleen 

30 

Heart 

00 

Brain 

19 


There is the same lack of correspondence in the uptake and 
loss rates of the proteins from lungs and stomach.. This is explained.^ 
aooarently by a difference in intensity of exchange rate of structural 
moieties between various organs. The disproportionally low figure for 
kidneys can be explained not only by the intensity of turnover oi amino 
acirt.F containing deuterium, but alpo, apparently* because o. the ni lu- 
tion of their own structural proteins with those from organs which con- 
tain a low concentration of the isotope.. 

Together with the study of the Intensity of the turnover rate 
0 r the oroteins from different organs and tissues, ve also study the^ 
turnover of various protein fractions derived from the same organ, ae 
anticipated that by this method v/e would be able to answer the question, 
to what extApjbrc^d FfepRefeaSei2O(R3/rf729rf6fA-Al5P80-i&9i^jDK)O8iottoSbffii2-^ f n riverv 
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argan'ip eoecific for Individual fraction* 
of the or^an. The figure? >;e obtained are 


which go into the makeup 
preeented in Table 3” 


Table 3 


INTENSITY OF TURNOVER OF VARIOUS PROTEIN FRACTIONS 
FRO?/ DIFFERENT ORGANS 


Protein 


Excess Of 
deuterium (at %) 


Turnover 
rate (:«) 


Blood proteins 
Blood globulin? 

Liver glovuline 
Skin globulin? 

Albuminp and globulin? 

of the skin 
Collagen of the skin 
Procollagen of the akin 
Ossein (collagen ?) 
Muscle proteins 
Myogen 


0.181 

18,1 

0.148 

14.8 

0.137 

13-7 

0.13s 

13,8 

0.177 

17 0 7 

0.13? 

1 X 0 

— ye. 

0.123 

1^.3 

0.11c 

18. F 

0.101 

10.1 

0,089 



Ap can be seen from this data, the turnover rate of globulin? 
of the blood liver and skin Ip practically the fame, while the in- 
tensity of turnover of the collagen of the skin Ip much lower than 
the akin globulin? . In this way we can see that the turnover rate 
of the fraction? varies in each given organ. 


Bepidep examining the turnover ratep in normal adult ratP, 
we alpo Ptudled them in newborn animal? and their mother?. For these 
exoeriment p we fed a oregnant rat heavy water for twelve day? before 
the birth of her litter. The Fame day that the retp were born they 
were killed, together with their mother?, and protein? from different 
organ? analyzed for their content of deuterium. The result? are given 
in Table 4. 

Table 4 


INTENSITY OF TURNOVER IN ATOM PERCENT OF 
DEUTERIUM 


Tip pu e 


Skin 

Internal 
organa 
Carcap? 
Muf cle? 
Head 


Excep? 

atom— ^ 

Mo the r 

Newborn 

0,070 

0.336 

0.187 

0„ ?^4 

__ 

o.p64 

0.070 

— 

— 

0.2*2 


Protein 

turnover % 

Mother 

N ewbo rn 

7-0 

?3J? 

18.7 

pcjl 


„4 

7.0 

- — 

mm mm 

9 m 9 p 
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* Af we can Fee from Table 4-, the turnover rate of the oroteina 
of the skin and muscles of the mother If markedly less than that of 
normal adult rata (Table 1). This indicates that there If a aharp de- 
crease in turnover rate of muecle and akin proteins during pregnancy. 

The turnover rate for the internal organa of the mother ia normal » The 
oroteina of all the tlaauea of the new born anlmala ahow almoat the aame 
pxceaa of deuterium, which ia much higher than any of the rates of the 
tiaauea of the mother, Thia may be explained, perhaps by the fact that 
all the organa and tissues of the embryo are being built up of ^ree amino 
acids, without ita making use of the formed oroteina of lta mother a 
organ! a m. 


Institute of Biological and 
Medical Chemistry, Academy of 

Medical Sciences of the USSR Presented: 
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Tiftanovektl „ A„ A„ , "Concerning the proteins of skin," 
Blokhlmila . 12(4) * 2{$5~20« 19^7 


A crystalline protein resembling collagen Is obtained from 
rabbit or rat skin by the following procedures Shredded skin, 
freed from muscle,, porous epidermis and superficial fat. Is ex- 
tracted with 0,1 M buffer composed of completely or partially 
neutralized organic acid (citric, succinic^, oxalic, lactic, ^ar- 
taric, adipic or glutamic) o ^he optimum pH for extraction^ varies 
with the tyoe of skin and the organic acid employed- in the ex- 
traction of* rat skin the optimum pH ie 3«5 oxallo acid bu £*fr 
and Kl for citric acid buffer while In the extraction of rabbit 
nkln with citric acid buffer the optimum pH is 5-7- Extraction 
with 5-6 ml- of buffer/g 0 of skin requires 12 hours under mecnonl- 
cal agitation. Extraction and subsequent operations are carried 
out at 7-g C, The buffer extract is clarified by centrifugation 
and filtration. The filtrate is dialyzed agalnsj water, P« 7~S* 
When the buffer concentration falls tc below 0,01 M, crystal sep- 
aratlon occurs spontaneously » Crystals are predominantly need^e- 
llke length 2^150 microns, diameter nucrcnso 100 g, of 
freeh ra? eiln'yleiae 2.7 *. of dry oryetelllne protein. - M„ 0. 

Brockmann 
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A. L- Zatfdes and S, L* Puoko 
(Akademiia Nauk USSR Doklad.y, Vol. JJ>i 99D 19 c 0) 




ELECTRON-KICROSCOPIC INVESTIGATION OF THE EFFECTS OF 
ALKALIS AMD PANCREATIN ON COLLAGEN 


The electron microscopic examination of collagen has dis- 
eloped the presence a regularly repeating structural pattern in the 
fiber (I). 


There ie a strong interest in the effects of various treat- 
ments on this structure- Since the production of collagen by the skin 
involves the presence of specific fluids and enzymes of the pancreas — 
pancreatin, we decided to study the influence of these reagents first, 
especially Pince the illucidation of the action of lime on collagen 
is inadequate (2), and the literature on the enzymatic treatment is 
totally lacking- 

Pieces of collagen, obtained from the frontal part of a 
steer skin, cut in a size 2 x 10 cm* were processed with a solution 
of lime-water containing calcium hydroxide in a concentration of 
10g/l* They were kept in this suspension over a varying period of 
tire, ranging from four days to two years. Before examination, the 
swollen fibers were neutralized in 5^ bisulfite and carefully washed-. 

The enzymatic treatment of fibers kept in alkali for four 
days and then neutralized was. carried out with a one per cent solution 
of pancreatin at a temperature of 37°V, for periods of 3 hours, $ hours, 
12 hours, and four days, with constant agitation all the while- With 
the protracted pancreatin treatment, we used a daily change of pan- 
creatin Solution- 

Then the collagen was washed with water and dried in ether- 

8lcchol- 


From the prepared tissues we cut sections in a freezing 
microtome; they were then dispersed for five minutes in a magneto- 
strictlve apparatus with a frequency of about 8 kilohertz* 

The dispersed collagen was placed on a collodion film and 
shadowed with chromium for increased contrast, using an angle of 1^ Q * 

The results show that treatment with limewater over a period 
of four days causes absolutely no change in the structure of the 
collagen (Fig, la)-. With collagen soaked for a month we begin to see 
disruption of the structure, which becomes more marked upon two months' 
processing-, Together with regions without local changes, we can see 
strongly deformed fibrils, mixed up among each other and with a loss 
of periodic structure (Fig* l,b), 

A complete lack of regular structure is seen in collagen 
after two years of treatment tirith calcium hydroxide solution (Fig* l,c). 

We thus conclude that the limewater has to act a long time 
to cause complete breakdown of structure; its action is slow and 
irregular- 
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A similarly unpredictable change in form is caused by the 
action of pancreatin. But the character of the alteration ie quite 
different „ 


Enzymatic treatment carried out over a period of three 
houre doee not change the typical electron-microscopic picture of 
collagen. 

It Ip interesting to note that the indicated duration of 
treatment corresponds to collagen produced in a certain way, and 
that our experiments under theae conditions showed absolutely no 
alteration in the finest details > ? e could resolve. 

In proportion to extended treatment in enzymatic solution, 
a destruction* of the collagen starre to appear gradually . J n .]J he 
e.nu oicture of material processed for g hours, we can see badly 
damaged regions together with ones that show clearly defined strla- 
tions (Fig. 2, a). Treatment over the course of 12 hours causes 
partial unraveling and breakdown of the fibers (Fig. 2, b), while 
four-day digestion yields material with no regularity at all, giving 
just "debris" under the electron-microscope (Fig. 2,c). 

In one of our capers ( 3 ), we noted that electron— micrographs 
of replicas of all collagen fibrils gave a definite orientation of 
oeroendicular bands. Similarly with dispersed fibers, we noted this 
regularity of structure in all fibrils which could be observed close 
enough to each other* We can ^ee in Ficc* 3 that the dark and Xipht 
regions correspond In adjacent fibers. This is an adequate proof 
of the organ! z*ed ppatial arrangements of the molecular micelles 
found in collagen. 

We are indebted to A. N. Klkhnilov and A. I. Frimer for 
their interest and work. 


Central Scientific- examining Institute Presented; 

of the Leather-wear Industries of the HSSR 6/10/19^0 
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DIAGRAM CAPTIONS 


Flsfo 1 Collagen treated with milk of lime, dieperped 
with pound and Phadowed with chromium. Length 
of treatment : a-^ /r ayp, b-2 monthP, c-(beta)- 

2 year? 

Flee. 2 Collasren after enzymatic treatment, dipperped 
*; 1th pound, and ahadowed with chromium. Length 
of enzymatic treatment! a-$ hourp , b-12 houra, 
o-l| days 

Fl«?„ 3 Dltraetructure of fibrilp, dlaperped with pound 
and phadowed with chromium 
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Zaades„ L* and S. L„ PoVpk©.. The electron microscopic 
examination of collagen* Reports of the Acad* of Sci* of USSR 
2 S pp« 22/-8S, 1949, From the Central Research Inst, of the 
Leather- footwear Industries*. 

The electron microscope examination of the primary fibrous 
protein of the skin, collagen, is of interest from two vleivpolnts. 
It is, of course, allowing the growth of ideas about collagen 
itself and its production by the skin* But It is also shedding 
light on the nature of fibrous proteins, in general, which are 
more widely distributed,. 


To the present time x-ray analysis has been used to examine 
the fine structure of. collagen* This did not allow, however, 
the examination of the form and inter-relation of the elements of 
the s.ubfibrlls whose thickness ranges from 100-50 A, 

For the electron microscopic examination of collagen we used 
both direct observation and replica technique* Our exmlnation by 
the latter method confirmed the earlier observations of the 
structure of this material Cl}* 

A more thorough method of direct observation was the result 
of sectioning in a microtome to a thickness of a few microns and 
then dispersing with ultrasonic vibrations of frequency of about 
8,000 c * p * s * for 3-5 minutes* The preparations so obtained were 
deposited on films of collodion or aluminum oxide and shadowed 
with chromium to give more contrast { 2) * 

Untreated fibers were examined, as well as those stained with 
various salts of heavy metals and extracts from wood of the oak* 

All examinations of the fibers have revealed periodic bands 
which are arranged perpendicular to the long axis or as a spiral* 
The spiral form appeared very sharply in some of the photomicro- 
graphs* 

When different forms of treatment are used, the width of 
the etrlatlons changes, revealing still finer bands within. Thus, 
material treated with tan-bark extracts shows an over-all spacing 
of about 700 A and a band width of about 170 A* 

The poly sterol- quart 2 replica of untreated collagen fully 
confirms the above findings (2)„ 

Similar results are also obtained through the use of methyl- 
methacrylate-quartz replicas which avoid the necessity of heating 
the object during preparation* 

Electron microscopic examinations of collagen fibers by 
American authors {3) gives the following picture of its structure* 
The wide bands of the collagen eubflbrile consist of several 
smaller bands which show a characteristic, periodic density. The 
bands extend the width of the whole fiber. This conclusion Is 



a 


1 
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not in agreement with our oi*n experimental results* 

If the subfibril really has the chain form given above* 
real leas of individual fibers should show the form of the fiber 
without its internal struct u re, Electron photomicrographs pre- 
pared by us, however, show a periodic structure consisting of two 
mutually perpendicular spirals of subfibrilB. 

These observations bring us to the conclusion that the molecular 
comoonentg of collagen show a contour structure* 

The accompanying electron microphotographs (none) of untreated, 
shadowed collagen fibers (chromium) show the outer structure of 
the material* The shadows show the same periodic structure, proving 
the presence of the relief* 

The observation of fibers at the moment of bursting due to 
the action of the electron beam on the fiber or supporting film 
has confirmed the above conclusion. The break always occurs at 
the lightest, and then the moat thin, bands... The more dark, and 
therefore dense, bands then take on the form of an extended droplet. 
In the broken fibers the spacing between the light and dark bands 
is still more apparent, supporting the above hypothesis. 

It la interesting to note that the broken, fiber takes on a 
more uniform appearance itfhen stained with phosphot’ungetic acid, 
apparently due to a more uniform absorption of the metal* 

Received $ Dec. 30? 1948 
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Diagrams 


Fig* 1, 
Fig. 2a. 

Fig . 3 Re 

Fig * 4. 


Unraveled collagen . 

Native collagen; 6-stalned with phosphotungstic acid; 
<f^-uranyl acetate stained; *T-oak extract treated. 
Chromium shadowed collagen fiber; 5-poly sterol quarts 

PTA treated fiber distorted by bursting of underlying film 


Translated by Walter Stahl 
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r->r 4F j . F ;3 T RC iv - K 1 0 H 0 S 0 C? I G EXAMINATION OF COLLAGEN 
USING THF. REP! IGA TECHNIQUE 


Tha orirmrv advantage of the replica technique for examining 
co1]lW r (1) lies ‘in" the fact that it does not require that the fibers 
be treated in ary struc turally-disturbing way (for instance, as in die- 
oers ion by sonic vibrations) and that one can obtain the impression of 
'a block of material . according to' which it is possible to juoere the 
architecture of the tissues. The investigations of^collaffen Dy the 
collodion reolica technique available in the literature (2) deal *ith 
sairoles of the fibers first dispersed by various methods (sonic vibra- 
tion colloid mill, mechanical unraveling with needles),, -Y tr 'in 
;;S od one obtains imorints of single fibers only, since by such treat- 
ment the histological structure of the collagen is destroyed. 


To ? other- with the study of dry objects by the use of poly- 
sterol- quartz realises 5 we nave worked out a method of getting replicas 
n f w o r materials „ T?o achieve this goal we heat an s.iiquot of methyl 
methacrylate monomer in a reflex condenser, addins the polymerization 
ratalv c t Th's is carried on until the liquid becomes slightly viscous 
f! ver is cut off a piece of collagen in a freezing micro- 
’ena ininfir material is submerged in water. 


Then 


the 


tome and 


top 

the 


After, recovering the block from the water, the surface chosen 
for examination is freed from excess water by using' a piece of filter 
oaoer for drying, (this process trust be carried out rapidly) . On a sur- 
face oreoared in this way is poured the freshly prepared and slightly 
oo 1 y merit zed methyl ms’thacryl.ate- In order to or —vent diying, th 
so°cimen "is covered with the liquid on all sides , The consequent poly- 
merize tl on orocess takes olace cn the object icselj- The ilrst layer 
-f thin film is reinforced bv a secondary coating of polymer, until a 
thickness Is built up which makes it convenient to remove the film 


(about 0,1 mrr.K Then the 
in a vacuum to 
side facing the 
late by dissolving 


-p-s 1 


m is 


taken off and it is dusted with quartz 


tn e 


Ive a thin film (order of lOO-pOO a) „ 
collagen „ Tne quartz film is freed from the methacry- 
the latter away with diohlorenthane. 


spoiled on 

•* Va 


Using the reolica method we examined soecimens of collagen 
which were untreated and some which we prepared in various wave J in 
calcium hydroxide, enzymes ( panc.reatin) f salts of heavy metals 
PFA and uranvl acetate), fixed in formaldehyde, primary sulfate O; 
r>br>omium and wootfv oak extract., In all cases we observed the presence 
of regular oerpendicular bauds cf different densities (see figs 


1 , a , b 


b ° 

t > 


7 

y >■ 


a 


b) 


afe were able to observ 
reolicas from wet fibers than on 
the case of the chrome- tanned m? 
was one of 2? 7 A Bv ordinary c 
we observed roughly the same oei 
some of the reolicas, obtained - 
of the 'woody oak, we were able < 
the fibrils (see fig. 5 , -In a. 
oosed of tannins, not part of tl 
surf ace , 


p f) greater differentiation on tne 
correspond i n°- dried ones,, Thus, in 
terial/ besides the 6?> h A period there 
-bservatlon in the electron microscope 
iod {2&2 A) In collagen fibrils.. In 
rom the soecimens treated with extract 
o pee spherical particles lying on 
.1 probability , these particle? are com- 
p collagen but only adsorbed on its 


d /' 
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Oalculations show that the repeating period is maintained 
with an accuracy of about ±15 A, The periodicity is observed to the 
limits of each method of preparation (see table 1), Ne can divide 
the- observations on the periods into three groups: 1 — with a repeat 
oeriod of 640 A in the wet state? 2 — the period of dry, untanned ob- 
jects {here too are soecimens treated with ?TA and formaldehyde) 
which ranees from 540*- 560 A; 3— a period for fibers treated with 
various tanning agents arid dried, which is about 430 A„ 

“ Table 1 

RTF EAT PERIOD OF THE FIBER 


Form of treatment 


Repeat Period Fiber Width 
in A in A 


USING POLYSTEROL- QUARTZ REPLICAS OF DRY FIBERS 


Untreated 

Calcium hydroxide (3 days) 

" (1 month) 

Pancreatin (3 hours) 

« (12 hours) 

?.T. A. 

Fo rmaldehvde 
P«M. A, 

Ur any 1 acetate 

Primary sulfate of chrome 


535 

575 

e46 

k4o 

5$6 

4-66 
4 26 
4oo 


USING METHYL MET ACRYLATE- QUARTZ REPLICAS ON WET 

OBJECTS 


6ro 

9?io 

g?o 

ll4o 

010 

qpo 

ROO 

70E 

«oo 


Calcium hydroxide (3 days) 
Pancreatin (8 hours) 
Pancreatin (12 hours) 
Primary sulfate of chrome 
Extract of woody oak 
Formaldehyde 


640 

— 

640 

— 

625 

— 

634 

1200 

651 

1100 

609 

1100 


Replicas have not only allowed us to illucidate the repeat 
Periods of fibrils, but also the relative constancy of their width. 

For the various forms of collagen treatment the average width is about 
Ocl microns. In the case of the wet fibers, tanned with the primary 
sulfate of chromium and formaldehyde, calculations show an increase 
in width of about 1020^, 


Replicas of all the examined fibers show a definite orienta- 
tion of the bands in different fibrils; the dark bands as well as the 
light coincide. This fact, and also the constant period of repetition, 
is characteristic of the collagen structure, indicating a definite 
spatial arrangement of molecular groups. 
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'lioveZlSdr 


'Dcc&u&Or ‘ 


Dote : 

ti&X* 

Min 

Rain 

; &ax* 

ttin „ 

Rain 

H & x , 

.in. 

Rain ; 

Max, 

fin. 

Rain 

ilux. 

J. a.*i. 

Rain 

• ii.x, 

. in. 

Rain 





Pail 

: 


Fall 



7,11 ; 



Full 



.Vail 



4tll 


\ 

100 

64 

... 

t 106 

67 

_ 

104 

65 

4 

64 

45 


82 

61 

0,02 

66 

39 



2 

1 00 

64 


: 106 

66 

- 

107 

65 


64 

46 


61 

56 

- 

6^i 

SI 

- 


3 

95 

67 

w 

j 102 

71 

- 

10.3 

64 

i 

65 

50 


61 

62 

0, 17 

64 

43 

- 


4 

90 

64 

- 

: 106 

66 
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70 

5 

90 

51 

- 

70 

54 
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05 
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5 

99 

63 

- 
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65 

-■ 
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65 

: 

66 

46 


69 

57 

0,20 

61 

37 

- 
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9? 

65 

- 

l 4 02 

63 


97 

63 
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65 

56 


69 

3o 
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60 

30 
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65 


: 103 

62 

— 

99 

64 

• 

63 

53 
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63 
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0,15 

54 

43 
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O 
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72 


i 101 

67 

- 
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62 

: 
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- 

56 

51 

- 
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72 
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63 

; 
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54 
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0,04 

i 96 

66 

- 

97 

63 

: 

79 

55 

- 

62 

36 


57 

39 
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76 
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37 
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97 
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63 

t , 

‘TV 

- 

34 

41 

- 


20 ;: 

*■ • 

6 u. 


; 1 01 

0 


62 

{ jj 
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61 

h.G 

- 
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TABU' ) 


teOKTHbY WEATHER flBH&TG 
HAIFA REFIKERT SITE 


i 

9 4 

" 

j 1 

9 4 

i 

5 i 

19 4 

A 

1 

I 

graperatureg^ 

■Tumidity j 

Tempera 

tares 0 ? 

Humidity ! 

Temperatures. 0 ? ! 

Huaddity 

i 

’ i 

Ilcy Bulb Wet. Bulb 

s‘ j 

Oty Bulb 

Wet Bulb j 

1 

/° 

Pry Bulb W^t Bulb 

% 

January 



59 

57 5 

89 

60 % 

79 

February 

62 54*5 

63 

oQ 

58 

8/ 

U 55 

t>5 

Karob 

6*45 56 

46 

61 

59-5 

92.5 

(■? 60 

68 

April 

71 »3o3 

55 

65 

64 

93 

72 (66) 

( 73 ) 

May 

®> 69 j 

56 

7, 5 

68 

70 

16 (70) 

(73) 

Jvraw 

87 74 

51 

84 

75 

68 

82 (73) 

(72) 

^uty 

59 74 


65 

76 

68 

86 (79) 

(72) 

j August 

87 74 

55 

88 

78 

64,5 

83 73 

66 

| Septsieb^r 

ee 75.5 

65 

87% 5 

77 

63 



| 0 ciobtfr 

84 71.5 

56 

86 

74 5 

59 



| 

| 79 49 

! 55 

7/ 

68 

63 




j 57 55 

! 

j 60 

. /O 

64 

72 




R&a&xk#:-- (1) Figures in brackets are prdbaWjr too high< 

( i) Oa&ttsd figure wc i*c.t: glared at th* tis»- 
(3) This table o^ittod in anraariscd Data on I'nzi 
Absolute-* or* iSxfcrcae Values not given. 

r^B/HNA,. 



S 


““far 



» ? 



j Press, © 



Xot;r 

j nooii 

:j 

T e 

<* 


;| Average 

Dry Bulb TaoBtpc, 

Mcnth 

| ( JLAcbfts) 

!j D^y 

Night i Me aoi 


X5S& dontinpbp 

July 

August 

September 

October 

November 

December 

9i>7* Jamarv 

February 

March 

April 

Jwi-' I 

July 

Auyi«*' 


*9 7? 
7976 
?9 85 
a, 96 
30,06 
30,03 

2%9 b 
30,07 
50 04 
30 03 

79,97 

79 97 

79-78 
? 9 . 84 


'Bxtreme Dry BuJLb Temp. 
Max. Data Min 0 ’ Date 


! 

86 

77 

&3L5 

97 

\?A:1 

65 

i 

19:7 

8?, 5 

78 

83 

96 

15:8 

69 

9:8 

86 

77. 5 

82 

94? 5 

*10:9 

6? 

50:9 

80 

69.5 

75 

98,5 

24:10 

55 

51:10 

76,5 

64 

70 

95 

18:11 

54 

14:11 

63 

99 

61 

77 

7:12 

4 V 

21:12 

59 

54 

56 5 

76 ; 

[27:1 

42 

14:1 

63 

55 

59 

81 

[28:2 

44 

10:2 

70 

58 

64 

95 

27 :5 

46 

16:3 

74 

63 

68,: 5 

99 

12:4 

47 

17:4 

80 

69 

74,5 

98 

4:5 

57 

15:5 

84 

6 

78,5 

96 

28:6 

62 

22:6 

87 

?7 

82 

99 

21 r/ 

68 

21:7 

88 

77 

j 

87-5 | 

96 

2:8 

71 

8;8 


Remarks:* Omitted figures were not registered at the time. 
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TABLE Ili 

PALEST 1 fl E M )£ TBOHO b Q&l CAL E R V 1 " B , 

IvlOIiTiiLT Tfl&lISSR REPORTS 
mm CARMEL 

SUPPLIED BY PAK33TINE GOVKBNMKHT 


T~ar 

; 

Pr-iSfsursj; 


T E 

M P 

E R 

A T 

U R 

E ‘0? 

— j 

RriatiT^. ^nmidLity j 

R a 

1 n l a 

1 1 

* 

Kean 

G , M , T 

M E A N 


E 

SC T R 

E M 

S 

G . H 

T 

1 

Total jHigheat in 24 Hour > 

Month 

Inches 

06 

X' 

18 

Max 

Min, 

Mean 

Max. 

Pata 

Min. 

bate 

06 12 

18 Meanj 

Inchest 

Inches 

Data 

1946 December 

7994 

99 

65 

58 

64 

52 

58 

72 

2:12 

46 

22 :12 

«9 59 ! 

i 

69 

66 

4.095 

1550 

14 r 12 | 

I 

1947 January 

29 90 

52 

56 

54 

59 

50 

54,5 

68 

27:1 

44 5 

14:1 

j 77 74 

75 

55 

11.949 

5.185 

15:1 

i 

February 

-’9=96 

55 

61 

56 

65 

50 

56.5 

75.5 

28:2 

45 

4:2 

69 68 

76 

71 

1.145 

0.567 

17* i 

March 

29.97 

1 60,5 

66 

60 

69 

56 

62.5 ! 

8 ? 

77:5 

50.5 

16:5 

69 60 

75 

68 

0.386 

0.200 

17:5 

April 

29,96 

| 65 

69 

65 

7? 

60 

66 

92 

11:4 

49 

1?:4 

62 j 60 

j 

69 

a 

0.524 

0.240 

16:4 

Kay 

I 29c 86 

! ■'■*•• 5 

75 

68 , 5 

79 

64- 5 

71*5 ; 

95 

4:5 

59 

15:5 

61 ! 57 ' 
j 

72 

65 

0,240 

0.086 

9:5 

June 

i 29 c 86 

i ! 

! 7% 5! 

177 . 

7'i 

79,5 

68 j 

•74 

84 

28:6 

64 

2:6 

74 ' 69 

85 

76 

i 



S 

i 


x) Corrected to sea level*. 
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"KeigS! 
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Poet 

of 
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( approx* 




i.'O'mer Delta 

Fao 

i 


1336-9 

iort 

Raqil 

7 

5.2 

132&-39 

Railways 

Shuadba 

50 

*v?<> * 

1953-35 

• *1 * ' i , i" * 

ahuhaiahiyc 

13 

3,2 

1920-39 

Railways 

Ur 

15 

2,9 

t* 


Ajssara 

30 

8.3 

1336-9 

os to and f^Xegr&pha 

Upper .wolta 





vajsmm 

DO 

3.0 

1928-39 

Railways 

Dimniya 

70 

4.9 

It 

R. 'uF* 

Hilla 

so 

3,5 

ft 

RailvaaF $ 

Karbala 

35 


ft 

fT 

Kir4£va 

1 22 

3»'5 

1* 

Irrigation 

KabhsMya 

m 

3,8 

1937-9 

■•> i 1 ? 

;So -fc ** 4 * 


43 

4*2 

1936-? 

(osis s.rd Tol©grapns 

Rut ,?2 jstara 

62 

5»9 

(1 

n 

Hicftidi (Ba^bamd) 

13,0 

5-. 5 

: 928-39 ■ 


Satyirga 

223 

3.3 

51 

Railways 


350 

a4*4 

X$3f®9 

itosfcs and Telegraphs 

<7&£jlra find Euphrates above 





HsxksSI 





Bodji 

459 

3.5 

1534*"!# 

Ju* i'* £ ' 0 . 

Sinjap 

1*953 

19,5 

1936-S 

Rosie and TeAegmpha 

Bir Ugl& 

1,250 

17*2 

1935^ 

iol 1m 

H&ditha 

450 

3.6 

l$3h^9 

1 * 1 * 0 * 

Ana 

500 

» 4 

1936*9 

■ * 0 ate and Telegraphs 

Assyrian Plains &r>ct Foothills 

£ 




Pable t- : tc ( Mansur- } 

230 

6*7 

3,2?: 0-3$ 

Haileys 

jaraght*ii (JaXcrcla) 

350 

7,3 

»? 

* 

Rh&Mq$a 

660 

ia*o 

X93XHJ 

IV 

Tuz Klwrmtlt 

120 

6,3 

1225^52 

» 

I ttiktmi* 

6‘ 7 0 

A ( .g 

1 * 

*t 

Kirkuk 

3 v ~ 000 

ml a 

it 

X® a'sCo and R&Hwsy s 

mu a 

‘7o0 

17.2 

.V3&»9 

X.r. 0. 

SrMl 

i.. v& 


3.936-61 

Rosts and Olograph & 

*&£!& 

'730 

13*0 

1<?2>=39 

•:-t .1 •« 

a , 7 ^x T , 

Kurdish Mountains 





BeXabJa 


43,3 

19 ;JS-$ 

xosts and Telogyapto 

Sula Aa? npd y a 

^750 

12 .? 

i* 

it 

Diana (Ru^acdi^; 

'1700 

41.4 

**•23^® / «► 

;? 




1559 


Aqgrm 

2,500 

3S<-9 

1936-2 

«? 

iiEsaia 

XS^XfOO 

43.2 

li 

*1 

£akfco 

1*430 

«,r. 

. '7 c ■ ,» 


it 

Ttoutsm - and Southern Debtor 





n 

x.o&o 

/ < 


IcJPoCr* 

hi 

1,340 

{’ Ct 


« 

112 

1,350 

3*7 


tf 

H5 

2,550 



ft 

Ruiba 

, 5,020 

jle 

19^2'»39 

r UA44 

Rukhaib 

1*000 

3 7 

X93S-9 

Police 
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Bus^iya 

470 

4>4 


0 


precipitation 

Rainfall in Inches and Humber of taiJ*-daya 


Jan* Feb« Mar* 

SHUAIBA (13-14 years* observation©) 
Inches 1*3 1.2 OA 

Days 6*5 0-5 2.9 

DIWAHIYA (10-12 year© 1 observations) 
inches 1*0 0*9 0*2 

Day3 

NINA3DI (13=14 years' observations) 
Indies 1*2 1*1 9*5 


Nov , Dee. Year 24hra.. 


0.5 0.1 

2.4 0*5 


0.0 0.0 0,0 
0.0 0.0 0.0 


o.o o.i l.i i.o 5.7 

0.0 0.8 4.0 3.7 21.3 


0.5 0.7 


Not tosown 


0.0 0.0 0.0 0.0 0.6 0,9 


1.2 1.1 0.3 0.4 0.4 
4.9 5.5 2*6 2.7 1.8 


HUTBA ( 9-10 years’ observations) 
Inches 0.9 0.7 0.1 


0.4 0.2 


4.3 3,0 1.0 3.0 1.7 


M0SUI. (13=14 years' observations) 
Inebaa 2.1 3.0 1.6 

Days 8.8 14.3 6*8 


1.8 0.5 
7.4 3.1 


0.0 0.0 

0.0 0.0 


0.0 0.0 0.0 

0.0 0.0 0.0 


0.0 0.0 

0.2 0.0 


0.0 0.1 1.0 1.0 5.5 
0.1 1.5 4*5 4»5 28.3 


0.3 1.0 


0.1 0.7 


0.0 0.2 


1.6 7.8 


0.7 3-8 

3.5 20.5 


2,0 13.0 

9-1 59.9 


3.4 / 


In the rainfall, the figttre 0.0 indicates D ^p^i^^l^years? f'e wdnSuly 

0.0 indicates a total of leas than 5 days in the month over a period or xuu yeora, 

in 20 years* 

52 Abnormal thunderstorm in May* 
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0.4 

Selesalysh 

2? 

2.4 

3-5 

1.6 

1*2 
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Aoi»e(1928-38) 











4a 


24.5 


Mean 

5*5 

7o9 

0*9 

0*7 

oa 

trace 

0,0 

0.0 

0,2 

1*3 

3. 7 


fcax.in 24 hr-e. 

Hal fa (1921 -34) 

1*2 

ia 

0*3 

0.4 

0*1 

trace 

0.0 

0*0 

oa 

oa 

0*9 

lc4 
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?a 

5o 7 

0*9 

0c7 

oa 

0 a Q 

OoO 

o a o 

0,0 

0.5 

2,7 

6.7 

24.4 


Max* in 24 hra s 

3.4 

2*2 

1*0 

loO 

o„4 

0.2 

0.3 

oa 

oa 

1*9 

2,6 

7c 2 
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r Max, in month 
and year 

12*1 

10* 5 

6.0 

3.5 

2.1 

0,6 

0.0 

4 0,1 

0,5 

3.3 
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13*9 

39.5 
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0*7 

0*2 
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voa 

0.0 
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0.0 

OoO 

o u o 

OoO 
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0.0 
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3* '0 

3c 9 

2.7 

0,9 

oa 

ioa 
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0*0 

0*2 

1,4 

3* 2 

3*o 

23,6 
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and year 

8,6 

3« 9 

7*6 

2*0 
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oa 

0.0 

0.0 

ia 

3* 9 

3*5 

12.5 

23*4 


& Ein c in month 
and year 

Qaaa( 1921-34) 

4*o 

IcO 

<oa 

<oa 

0*0 

0„0 

0.0 

o u o 

0*0 

0,0 

0.4 

1*9 

17.3 


Mean 

3* 6 

3*4 

0*7 

0,7 

oa 

o a o 

0.0 

0*0 

0.0 

0.3 

1*4 

5* 6 

U, 3 


f ax, in 24 hra« 

2* Inland 
Jenlii(1921-34) 

2,7 

1,8 


2*7 

0.4 

oa 

0.0 

0.0 

0,0 

1*5 

a 1 

2* 9 



Mean 

3 a 

3,4 

ia 

lo 2 

0*1 

0*0 

0,0 

0*0 

0,0 

0*3 

1*7 

4*1 

19.0 


Max, in 24 hre„ 
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2 * 2 

2*6 

1 a. 

2*3 

0.3 

□a 

0,0 

0*1 

0,0 

1 a 

2. u 

2.1 

" 


Mean 

e 0 3 

4*6 

3*7 

1 . 0 

Q<j 2 

0,0 

0,0 

0.0 

0., 0 

oa 

3*4 

7.1 

27.1 


Max* in month 
and year 

14 . 2 

10 . 3 

3*9 

2, 6 

1=0 

0,0 

< 0 , 1 

0,0 

< 0 X 

2:5 

oa 

12.8 

37.9 

on 

V 1 

r ln» in month 
and year 

1 * 2 , 

X 7 

<0,1 

0 , 0 

0,0 

1,;) 

o . 0 

0.0 

0,0 

0,0 

oa 

0,7 

16.5 



Precipitation (in Inches) (Pont* cl ) 
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Beit Jemal (1930-3) 


Mean 

4.3 

4,o 

1 # 3 

0.7 

0.1 

Lax, in 24 tiro. 
Jeruealem( 1916 - 5 +) 

1 # 2 

1.5 

0 # t 

0,5 

' Ool 

Lean 

4.1 

5,3 

1,3 

i v o 

0*1 

Max, in 24 hrs* 

9 

3 c- 4 

1.1 

X ... 5 

0,3 

^ Lax* in month 

14.3 

12,6 

12 * 

e> D 


and year 

j* Min, in month 

0,1 

0,2 

0.1 

0 • 0 

0,0 

and year 

iil Latrun(?, 901 ~ 12 ) 

Mean 

6,5 

3.3 

2 #c 

1 , 3 

0,3 

/ Max# in 24 lire. 

4,6 

2,1 

l.C 

1 # 9 

0o_5 

Max. in sjonth 

8,9 

7.7 

s.s 

4,0 

1.6 

and year 

Min# in month 

3.4 

0.0 

OcC 

0.2 

0.0 

cn/f year 

Hehron( I 896 - 1914 ) 

Moan 

. 6, 2 

4 c 6 

3. ^ 

A c 0 

0.3 

Lax, in month 

13,9 

c 

a.c 

3 

2.2 

and year 

Lin, in month 

1,6 

Or 2 

OS 

<Q,1 

0,0 

and year 

Beereheba( 1921-34 ) 

Mean 

1,9 

2, 2 

0,7 

o # 4 

0.1 

Max, in 24 hrs. 

2,0 

1 , • 

1 f; ( 

Ao 0 

1.0 


0.0 

0,0 

0.0 

trace 

0,6 

2# 8 

2.5 

16,1 

0.0 

0.0 

0.0 

trace 

0.3 

1.4 

0.8 


0.0 

0,0 

0.0 

0.0 

0.2 

1.2 

2.9 

15.9 

oa 

0.0 

trace 

0.4 

0,9 

2.2 

3.0 


0.2 

0.0 

0.1 

0.0 

2.3 

8,0 

16.5 

41.6 

0.0 

0.0 

0.0 

0,0 

0,0 

< 0,1 

0.5 

13.3 

io.x 

0.0 

0.0 

£ 0,1 

0,9 

2.4 

5,2 

22.8 

0,0 

0.0 

o.c 

0 . 3 

1.4 

1.6 

3.1 


0.2 

0.0 

0,0 

0.1 

4.5 

7.0 

12*5 

32.5 

0,0 

0.0 

0.0 

0.0 

0*0 

0.0 

lo9 

15.8 

CO.i 

0,0 

0,0 

£ o.i 

0.5 

2.1 

5«1 

24.3 

1.3 

0,0 

0.0 

Q n 2 

24 5 

6,1 

14.1 

39.8 

0,0 

0,0 

0,G 

0,0 

0,0 

0,0 

1.1 

1 .3 

0,0 

0.0 

0.0 

0.0 

0.1 

o.a 

1.6 

7.0 

0.0 

o.c 

0,0 

trace 

0.4 

i. h 

2.5 
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Precipitation (in 



Jan, 

Loh* 

Mar. 

Apr. 

Lay 

Jane 

5c Jordan Volley 
i'i'be rias( 1830-1907 ) 
lean 

4.7 

3c 2 

2.6 

1.1 

0*2 

0*0 

# Lax, in 24 hra* 

2. 7 

1,2 

2.0 

1.5 

0.4 

0*0 

Max. In month 

11. 2 

6.5 

5a < 

3c 0 

QcS 

0*0 

and year 

Lin. in month 

0.5 

<0.1 

0 .;. 

0.0 

0.0 

0*0 

and year 

Be isan( 1930*8) 

Mean 

3c 1 

2 C 8 

0 * i 

0.4 

0.2 

0 a Q 

Max* in 24 hro. 

0.9 

0.9 

OJ 

o,3 

0.1 

0.0 

Jerlcho{1921-34) 

Lean 

I. D 

1.3 

0.5 

0.4 

C 3 1 

0.0 

Max. in 24 hrs* 

1.0 

1.3 

Q*fc 

0,7 

1.0 

Off 2 

Dead Oea, North end(1934* 
Mean 

- 7) 0.6 

0.4 

< 0. 3 

< 0. 1 

<0.1 

0*0 

Dead 8ea # . outh end\1935^>) 
lean 0.1 

0 ,. 1 

o.c 

0.0 

0.0 

0*0 

4 « i ran e 3 cr&an 

AriiRanC 1924-41) 

/ lean 

2 V !"? 

4 c 3 

G* <; 

0.0 

J.,1 

0 0 

box* in 24 hrs-. 

2.0 

2. 3 

! r l 

1*6 

0 . <3 

0 0 
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* 

f 
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. ,r>20-9; 
X:.X}.%12 
Lop> t £* 

•4? year 

r? J Qbs 


o oo 



July 

Aug. 

Cept. 

Oct. 

Nov. 

Dec. 

Year 

0.0 

0*0 

C0.1 

0,6 

2.9 

5 c 1 

20.2 

0.0 

o.c 

<0.1 

<0.1 

0.5 

1.6 

2.4 


0*0 

0*0 

2.1 

6.7 

8.8 

27 » 7 

0.0 

0*0 

0,0 

0.0 

0.0 

Xa7 

iu*k 

0.0 

0.0 

0,0 

0.7 

Iff 2 

Ic4 

10*5 

0.0 

0,0 

trace 

0.5 

0.4 

0.6 

— 

0.0 

0.0 

0.0 

0.1 

0.4 

1,. 2 

5-0 

0. 1 

0*0 

trace 

0 . 2 

1.0 

1*6 

— 

0*0 

0.0 

0.0 

0*4 

H 

O 

0 ^ 4 

1. 9 

0.0 

0,0 

0.0 

0.3 

0. 3 

0.4 

1. 2 

0*0 

0.0 

0.0 

3/.1 

1.3 

Xo 6 

10.5 

0,0 

o.c 

Oi 0 

0 I 4 

3-1 

2*1 
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